Background: Trace elements are required in small concentrations as essential active components of biological enzyme systems. They are in the form of metalloenzymes and copper is one such component. Copper metabolism is profoundly altered in neoplastic disease. Copper plays an important role in tumor angiogenesis especially in early stages and is also necessary for endothelial cell activation. Copper content in tissues of oral leukoplakia (OL), oral submucous fibrosis (OSMF), and oral squamous cell carcinoma (OSCC) has not been studied extensively. Hence, we attempted this retrospective study to analyze copper content in the tissues by using rhodamine stain for better understanding of pathogenesis. Aim and Objectives: To evaluate and compare the copper content and its depth of penetration in tissue sections of diagnosed cases of oral precancer and cancer by using rhodamine staining method. Materials and Methods: This retrospective analytical study was conducted on histologically diagnosed 10 cases each of OL, OSMF, and OSCC. Ten cases of normal mucosa served as control. The selected cases were subjected to staining with rhodamine for qualitative analysis of copper content. Results: Paired t-test showed a significant increase in copper content in the study group (P = 0.516) as compared to control group. Krushall-Wallis non-parametric test showed higher mean value of copper content in cases of OSMF (2.00) than the cases of OL (1.20) and OSCC (1.70). Conclusion: Copper content by rhodamine staining technique was found to be higher in OSMF than OL and OSCC this staining technique can be used as a prognostic indicator for assessment of disease progression.
INTRODUCTION
Copper is one of the important trace elements existing in the form of metalloenzymes and is required in small concentration as an essential component of biological enzyme systems. Copper plays a vital role in several physiological functions such as erythropoiesis, leucopoiesis, skeletal mineralization, connective tissue synthesis, myelin formation, melanin pigment synthesis, and may also influence cell growth. Among the various cupro-enzymes, tyrosinase, ceruloplasmin, amine oxidase, and cytochrome oxidase are said to be involved in oxidation reaction. The impairment of cellular and physiological functions is caused by the altered activities of these metalloenzymes.
Several studies in recent years have linked association between micronutrient levels and various forms of cancer. India has one of the highest incidences of oral cancer in the world. The development of cancer is multistep process arising from pre-existing potentially malignant lesions [1] . Copper metabolism is profoundly altered in neoplastic disease and level of ceruloplasmin, the principal copper transporting protein, increases four to eight folds during malignant progression.
There is strong epidemiological evidence associating the neoplastic disease with the habit of chewing areca nut. Areca nut has shown to have a high copper content (302 nmol/g) compared to other commonly eaten nuts (22-173 nmol/g) [1] . The formulation in which areca is consumed varies according to geographical location and is often associated with cultural and religious practices. The basic constituent areca nut is either raw, dried, boiled or in baked form. Other diverse agents including lime, tobacco, catechu, cloves, saffron, and leaf of piper betel leaves may form a part of the formulation. Chewing areca nut for 5-30 min significantly increases soluble copper in whole mouth saliva and will further lead to increased tumor angiogenesis, endothelial cell activation, and proliferation, activation of several angiogenic factors (vascular endothelial growth factor, tumor necrosis factor-α, interleukin 1) [1] . Copper demonstration, so far has been carried out either by cytology of exfoliated squamous cells [1] , biochemical analysis of saliva [2] , serum [3] , aliquot preparation of biopsy tissue [4] or by mass absorption spectrometry (MAS) on buccal mucosal biopsies [5] .
We are attempting to demonstrate copper in paraffin embedded tissue sections of oral leukoplakia (OL), oral submucous fibrosis (OSMF), and squamous cell carcinoma (OSCC). Rhodamine staining on tissue section demonstrates the protein to which the copper binds rather than the copper itself. So, it is considered to be a sensitive method for copper demonstration [6] . As the tissue copper analysis in oral precancer and cancer has not been performed extensively; we have attempted this retrospective analysis to evaluate the copper content in tissue sections by using rhodamine staining.
Aim and Objectives
To evaluate and compare the copper content and its depth of penetration in paraffin embedded tissue sections of diagnosed cases of OL, OSMF, and OSCC by using rhodamine staining method.
MATERIALS AND METHODS
This retrospective observational study was conducted on two groups. Group I consisted of ten cases of normal mucosa (control). Gingival tissue obtained during third molar surgical removal procedure from healthy patient's without a history of chewing areca nut or any other habits acted as a control. Group II consisted of histologically diagnosed ten cases each of OL (Group II a), OSMF (Group II b), and OSCC (Group II c). The selected cases were subjected to staining with rhodamine for qualitative analysis of copper content.
Review of clinical history revealed that in all the selected cases patients had a history of areca nut chewing (areca nut only or in combination with pan masala, tobacco, gutkha), for minimum period of 4-5 years, 5-6 times daily and placed it in the mouth for more than 15-20 min. Cases having a habit of areca nut chewing without having lesions were excluded from the study, as well as a control group.
All the paraffin embedded tissue sections were deparaffinized and dehydrated through 95% alcohol. Positive controls were dipped into copper sulfate for 15 min and then placed in working rhodamine solution (0.2 g) for 2 h at 70°C. The sections were then washed in distilled water, blot dried, placed in hematoxylin stain for 2 min and then placed in Borax for 10 s to remove excess of rhodamine stain. Lastly, the slides were cleaned and mounted with DPX [6] .
Rhodamine stained sections were observed under oil emersion and categorized by using two qualitative parameters and cases were divided into three categories as mild, moderate, severe for each parameter [ Table 1 ].
RESULTS
Tissue sections from negative control group showed no evidence of copper granules [ Figure 1a ] whereas sections from positive control group, which were dipped into the saturated copper sulfate solution showed intense reddish brown colored copper granules [ Figure 1b ].
Detailed qualitative analysis of study group according to two parameters was carried out and findings were correlated with the clinical type and presence or absence of dysplasia in OL and OSMF and histologically graded cases of OSCC [ Table 2 ].
In Group II a (OL), pale brownish colored copper granules were observed in stratum corneum layer of the epithelium [ Figure 2 ].
In Group II b (OSMF), yellowish brown colored copper granules were observed in stratum corneum and granulosum layers of epithelium, as well as in the deeper portions of the connective tissue and surrounding the lumen of the blood vessels in the advanced cases [ Figure 3a -c].
In Group II c (OSCC) pale brownish colored copper granules were observed with relation to stratum corneum and granulosum layer of the surface epithelium in well differentiated squamous cell carcinoma cases [ Figure 4 ], whereas in moderately differentiated cases intense reddish brown copper granules were observed in deeper portions of the connective tissue [ Figure 5 ].
Analysis of color intensity in cases of OL, OSMF, and OSCC is shown in [ Table 3 ]. 
DISCUSSION
Recent rise in cases of OSMF has been attributed to consumption of commercially available areca nut/gutkha with very high copper content. Copper levels have been analyzed by using various techniques, so far such as exfoliative cytology [1] , biochemical analysis of saliva [2] , serum [3] , and tissue through aliquot preparation [4] , or even by MAS of biopsy tissues [5] . Jain et al. [7] have compared the results of liver copper measurement by neutron activation analysis with copper staining by rubeanic acid and rhodanine, and with staining of copper-associated protein by the orcein method, in 
Statistical Analysis
Paired t-test showed significant increase in copper content in study group (P = 0.516) as compared to control group. KrushallWallis non-parametric test showed significantly higher mean value of copper content in OSMF cases (2.00) than the cases of OL (1.20) and OSCC (1.70). Copper released during areca nut chewing is brought in direct contact with the oral mucosa. Rhodamine method is applicable for the evaluation of tissue copper and provides a satisfactory screening method for the identification of the abnormal tissue copper levels. Frequent chewing of areca nut or areca nut products for a longer duration will raise the salivary copper allowing greater absorption through the mucosa. Penetration of the copper granules form the various layers of epithelium to the connective tissue supports the hypothesis of transmucosal transport of the copper to reach the connective tissue which contributes to the further disease progression [1] .
Trivedy et al. have reported significantly raised copper levels in OSMF tissues by using MAS. They are of the opinion that this fact has important implications in the aetiopathogenesis of OSMF and its progression to malignancy [5] . First, copper has been implicated in tissue fibrogenesis via the copperdependent enzyme lysyl oxidase, which has a crucial role in the cross-linking of collagen and elastin. Lysyl oxidase has been implicated in other fibrotic disorders such as hepatic and pulmonary fibrosis and scleroderma. Copper is an essential co-factor required for the expression of lysyl oxidase. This enzyme appears to be an intrinsic protein of connective tissue that is induced at detectable levels during fibrogenesis and fibro proliferative processes. The mechanism of this upregulation by fibroblasts in OSMF is not fully understood, but upregulation of this enzyme in OSMF tissues has been demonstrated by immunocytochemical methods [8] . Second, there is evidence to suggest that trace metals such as copper may play an important role in the development and progression of neoplasia [9] . The mutagenicity of trace metals such as copper has been well documented in head and neck cancer as well in cancers of the gastrointestinal tract, pancreas, and cervix [10] . The exact mechanism of copper-induced mutagenesis is not fully understood. Copper-induced DNA damage has been reported [11] and there is evidence to suggest that copper may bind to the protein product of p53, resulting in alteration of its conformation. Aberrations of p53 have also reported in OMSF tissues [12] and P53 stabilization may be critical in the progression of potentially malignant lesions to squamous cell carcinoma which may thus arise from the DNA damage inflicted by chewing copper-containing areca nut [13] .
Our study proves the significance of rhodamine stain in copper demonstration which correlates with the study done by Irons et al. [14] , who concluded that the rhodamine method was found to be effective method for the demonstration of abnormal tissue copper levels in the paraffin embedded tissue sections of liver. In our study, copper content was appreciated as yellowish to reddish brown colored granules. Similar copper demonstration was noted in the study done by Jain et al. [7] on histological demonstration of copper in chronic liver diseases by rhodamine staining method.
Our results correlate with the cytological studies done by Rooban et al. [1] and Gupta et al. [15] , who showed significant increase in the copper content in OSMF cases as compared to normal healthy individuals. Nayak et al. [4] have stated that in OSMF patients, oral mucosal tissue serves as a better medium for the evaluation of the trace elements as compared to serum and even the three clinical stages of OSMF can be correlated to the progressive increase in tissue copper levels. They have commented favorably on the efficacy of the biochemical analysis as a prognostic indicator for OSMF.
In the biochemical study done by Shetty et al. [3] on role of trace elements in serum of patients with oral precancer and cancer, higher serum copper levels in OSMF patients were found than in the cases of OL and OSCC. Similar results were observed in our study. However, our results are in contrast to the findings of Varghese et al. [16] who have noted a significant reduction in the serum copper in OSMF patients.
Since, ours is a pioneer study, we propose future studies in this direction with larger sample size in patients with OL, OSMF, and OSCC especially in those having a habit of areca nut chewing.
CONCLUSION
Copper granules in tissue sections of OL, OSMF, and OSCC can be stained excellently by rhodamine staining method. Copper content was higher in OSMF than OL and OSCC. This staining technique can be used as prognostic indicator for assessment of disease progression. 
